We investigated the utility of the Gossypium arboreum EST sequences in the GenBank database for developing PCR-based markers targeting known-function genes in cultivated tetraploid cottons, G. hirsutum and G. barbadense. Four hundred sixty-five randomly selected ESTs from this library were subjected to BLASTn search against all GenBank databases, of which putative function was assigned to 93 ESTs based on high nucleotide homology to previously studied genes. PCR primers were synthesized for 89 of the known-function ESTs. A total of 57 primer pairs amplified G. arboreum genomic DNA, but only 39 amplified in G. hirsutum and G. barbadense, suggesting that sequence divergence may be a factor causing non-amplification for some sites. DNA sequence analysis showed that most primer pairs were targeting the expected homologous loci. While the amplified products that were of larger size than the corresponding EST sequences contain introns, the primer pairs with a smaller amplicon than predicted from the flanking EST sequences did not amplify the expected orthologous gene sequences. Among the 39 primer pairs that amplified tetraploid cotton DNA, 3 detected amplicon size polymorphisms and 10 detected polymorphisms after digestion with one of six restriction enzymes. Ten of the polymorphic loci were subsequently mapped to an anchor RFLP map. Digestion of PCR-amplified sequences offers one means by which cotton genes can be mapped to their chromosomal locations more quickly and economically than by RFLP analysis.
Introduction
Restriction fragment length polymorphisms (RFLPs) remain the most common type of DNA marker used in cotton (Gossypium species) genetic mapping and genomics research (Reinisch et al. 1994; Shappley et al. 1998; Brubaker et al. 1999; Ulloa and Meredith 2000; Jiang et al. 2000; Rong et al. 2004) . RFLPs are efficient for genetic map construction and gene discovery, and essential for comparative genomics research. However, RFLPs are cumbersome for use as a selection tool in mainstream cotton improvement, as they require large amounts of DNA, tedious blot hybridization and autoradiographic methods, and are only sensitive enough to detect a small fraction of the DNA polymorphisms that occur between genotypes. The growing number of gene sequences available for cotton offers opportunities to evaluate the "candidacy" of genes in the genetic control of specific phenotypes by looking for cosegregation, but alternatives to RFLP are needed to make this process efficient.
Development of "polymerase chain reaction" (PCR) has set the stage to overcome many of the shortfalls in the Southern blotting RFLP technique. PCR-based DNA marker systems can be divided into two basic classes; those that use primers designed from arbitrary or non-specific sequences such as random amplified polymorphic DNA (RAPD) and amplified fragment length polymorphism (AFLP), and those that use primers designed from known sequence for targeting a single specific locus such as simple sequence repeats (SSRs) and sequence-tagged sites (STSs). With the exception of STS, all of these marker systems have been tested in cotton. RAPDs and AFLPs have been used in assessing the genetic diversity (Iqbal et al. 1997 (Iqbal et al. , 2001 Pillay and Myers 1999) and evolutionary relationships (Abdalla et al. 2001) among different cotton genotypes. SSR markers have been used for assessing genetic diversity (Liu et al. 2000a) , assigning loci to chromosomes (Liu et al. 2000b) , and constructing a partial genetic map (Zhang et al. 2002) . The advantages of SSR markers include amplification of a unique sequence that is codominant, multi-allelic, and amenable to cross-species analysis. Currently, much cotton research is being directed toward isolating microsatellitecontaining DNA and toward developing SSR primers .
The STS approach is an alternative to the use of SSRs for developing sequence-specific PCR markers. An STS is a short, unique sequence, amplified by PCR using flanking primers that are derived from well-characterized DNA sequences (Olson et al. 1989) . Because STS-PCR primers also target unique sequences, they share many advantages procured by SSR markers, differing only in allelic richness. In the past, the main limitation of known-sequence PCR analysis had been the lack of sequence information. The end sequences of cDNA and genomic DNA clones generated for RFLP analysis have been a good source of sequences for primer development in many plant species including small grains (Tragoonrung et al. 1992; Talbert et al. 1994) , legumes (Gilpin et al. 1997; Vander Stappen et al. 1999) , and Cryptomeria japonica (Iwata et al. 2001; Tsumura and Tomaru 1999) . More recently, a large number of expressed sequence tags (ESTs) generated by "single pass" sequencing of randomly selected cDNA clones have been developed in many species and are available in GenBank. These ESTs are mostly anonymous, in that their functions and map locations have not been characterized. However, the volume of characterized genes currently available in GenBank has now permitted researchers to use a comparative approach via the "basic local alignment search tool" (BLAST) to elucidate the putative function of many anonymous EST sequences by searching the GenBank database for homology to other well-studied genes from the same or different species (Chen et al. 2001; McCallum et al. 2001) .
Markers developed from known-function genes can complement other PCR-based markers such as RAPD, AFLP, and SSR that often target non-coding regions by revealing the location and organization of gene-rich regions of the genome. Further, maps developed from known-function genes may be particularly valuable in species that have a large genome and (or) low polymorphism such as pine, onion, and cotton because they facilitate the use of the candidate gene mapping approach, thereby facilitating the dissection of complex traits (Pflierger et al. 2001) . Depending on the trait of interest, markers can be selected according to the biochemical and physiological properties of their gene products in relation to the phenotype. For example, markers developed from EST for genes related to carbohydrate and nitrogen metabolism have been found to be associated with sugar content and yield in sugar beet (Schneider et al. 2002) . In small grains, the storage protein genes for puroindoline in wheat (Giroux et al. 2000) and hordoindolines in barley (Beacher et al. 2002) have both been implicated by QTL analysis to play a role in grain hardiness and texture, two important traits that impact end-use quality. Thus, in addition to being useful as a genetic marker, known-function genes may also facilitate the identification of positional candidate genes should cloning be an eventual goal.
Our objective was to develop PCR-based markers from known-function EST sequences for the cultivated tetraploid cotton species Gossypium barbadense and Gossypium hirsutum. Together, these AD genome tetraploid cottons supply about 98% of the natural spinnable fibers (lint) used in the textile industry. We evaluated the possibility of using ESTs derived from an "A" genome diploid relative of the tetraploid cottons, G. arboreum, to identify and design PCR primers that target known-function genes. The G. arboreum EST library was chosen for this study for two reasons. First, this library ranked No. 42 in the GenBank EST database with 38 915 entries (as of November 2003), thus representing the largest collection of unique sequences from the Gossypium genus. Second, this library was constructed from cDNA isolated from fibers at 7-10 days post anthesis, the time at which genes for fiber initiation and development are most actively expressed (Wilkins and Jernstedt 2000) . In this study, we developed 89 STS markers targeting known-function genes and tested their utility in G. barbadense and G. hirsutum. A number of the markers were mapped on an anchor RFLP map to reveal their chromosomal location in the cotton genome.
Materials and methods

Plant material and DNA extraction
The tetraploid cotton genotypes used in this study included G. barbadense accession K101, G. hirsutum race palmeri, and 48 F 2 segregating progenies from an interspecific cross between the K101 and palmeri parents previously described (Reinisch et al. 1994) . Gossypium arboreum (accession No. A2-47) was used to test primer pairs for amplification. Genomic DNA extractions followed established protocols as described by Paterson et al. (1993) , which consistently produced DNA suitable for RFLP analysis.
PCR primer development and reaction conditions
The G. arboreum EST sequences were randomly selected from GenBank, but excluded those that were fewer than 100 nucleotides in length because such short sequences may detect partial homology for genes with similar motifs but that have different functions. Also, a short PCR product may have less chance of detecting restriction site variation. ESTs were individually submitted to BLASTn for sequence comparison against GenBank databases. Putative function assignments were deduced based on homology of more than 80% nucleotide identity to previously described genes, except primer pair ESTS-126, which had 78% identity. Unique ESTs with putative function were compiled and a pair of oligonucleotide primers approximately 20 nucleotides in length were designed for each sequence using the Primer Express software (PE Applied Biosystems, Foster City, Calif.). All primers were designed to have common amplification conditions and an annealing temperature of 55°C. The primer pairs that amplified a reproducible product are listed in Table 1 .
Conditions for PCR amplification have been described elsewhere (Talbert et al. 1994) , however the procedure was modified slightly as follows: the reactions were performed in 96-well plates, using either a PTC100 or PTC200 gradient thermocycler (MJ Research Inc.). Each reaction was performed in a 60-µL volume and contained 400 nM of primers, 50 nM of each dNTP, 50mM of KCl, 1.5 mM of MgCl 2 , 10 mM of Tris-HCl, 0.75 U of Taq DNA polymerase, and 50-100 ng of template DNA. The typical cycling conditions for PCR were 94°C for 3 min, followed by 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1.2 min. After the last cycle, reactions were incubated at 72°C for 6 min before cooling to 10°C. For primer pairs that did not amplify in the first two attempts, a gradient reaction from 45 to 60°C was performed to empirically determine the best annealing temperature.
About 20 µL of each PCR product was digested with approximately 1 U of HinfI, HaeIII, RsaI, HhaI, MspI, and TspI restriction enzymes for 2 h at 37°C. Digested and undigested PCR product was separated on an 8% polyacrylamide gel with a 0.5× Tris-borate buffer (22 mM Tris, 22 mM boric acid, 0.5 mM EDTA). Gels were stained with ethidium bromide and the image captured under UV light using a Fluoro-S MultiImager System (Bio-Rad, Hercules, Calif.). DNA fragment size was calculated by the standard curve function of the Quantity One software program (Bio-Rad).
Sequencing of PCR amplification products
The PCR products of the A-genome diploid, G. arboreum , and the D-genome diploid, G. raimondii (accession No. D5-4), were sequenced to determine the sequence orthology between amplification products and the corresponding EST sequences from GenBank. The two diploid species were chosen because they represent the best living model of the A-and D-genome diploid progenitor of polyploid cottons (Senchina et al. 2003) , and allow direct sequencing of PCR products. Cycle sequencing reactions were performed using the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems) and MJ Research (Watertown, Pa.) PTC-100 thermocyclers. The amplicon products were sequenced from both directions with the appropriate forward and reverse primers. Finished cycle sequencing reactions were filtered through Sephadex filter plates directly into Perkin-Elmer MicroAmp Optical 96-well reaction plates and sequenced on an ABI Prism 3700 automated sequencer. Chromatogram files were archived in a Microsoft Access relational database and then transferred to a Sun Microsystems workstation for processing using Phred (Ewing et al. 1998) and Cross-Match. The data were then exported to a PC workstation for sequence alignment analysis using the ContigExpress program (Vector NTI Suite version 5.5, InforMax, Inc.). Minor adjustments were made manually to minimize gaps in aligning homologous regions, especially for sequences containing introns. Consensus sequence from forward and reverse primers was used in sequence comparison when available.
Linkage analysis
DNA fragments showing polymorphism between K101 and palmeri were tested for segregation in the same F 2 population in which a dense RFLP map was previously constructed (Reinisch et al. 1994) . Linkage analysis was performed using MapMaker 3.0 software (Lander et al. 1987) .
Results
Candidate EST selection
A BLASTn search was carried out using 465 randomly chosen G. arboreum EST sequences to determine the usefulness of this database for gene discovery and genetic marker development. BLAST results revealed that about 20% (93) of the ESTs contained genes previously characterized in other organisms; 25% (117) showed homology to DNA sequences that have not been characterized such as BACs, cDNAs, or genomic clones; and 40% (189) showed no homology to any sequences in GenBank. Only 15% (68) of the ESTs corresponded to sequences that were not suitable for PCR primer development. They included highly expressed gene families such as ribosomal and histone, genes from mitochondrial and chloroplast genomes, redundant sequences, and sequences that were fewer than 100 nucleotides in length.
In a majority of the ESTs that showed homology to previously characterized genes, the BLAST homology comparisons indicated that the structural gene had been characterized in multiple organisms. This was not unexpected, as structural genes are often used in comparative or phylogenetic analysis that involves multiple species. However, only four ESTs were homologous to genes that had been characterized directly in cotton. 
Development of STS-PCR primers
Eighty-nine EST sequences that showed high homology to well-characterized genes were chosen for STS-PCR primer development. All primers were designed from G. arboreum ESTs except for primer pairs 189 and 196, where sequences from G. hirsutum were used. PCR performed on genomic DNA from a G. barbadense (accession K101) and G. hirsutum (race palmeri) resulted in 39 primer pairs (44%) that amplified a reproducible product. The lists of putative characterized genes that amplified were shown in Table 1 . Despite repeated testing with a range of annealing temperatures (see Materials and methods), only a few primers showed weak and inconsistent amplification. None were further pursued in this study.
For those primers that amplified tetraploid cottons, 30 produced a single size fragment, 8 produced 2 fragments of different sizes, and 1 produced 3 fragments of different sizes (Table 2) . No size variation between G. barbadense and G. hirsutum was observed for primers that produced only a single fragment. On the other hand, two of the eight primers producing two fragments and the single primer pair producing three fragments showed size variation. The cases of multiple fragment sizes were likely from the homoeologous Aand D-subgenomic loci, reflecting the polyploid nature of the two cotton species. In fact, as would be expected for a recently formed polyploid, most primers that appeared to have amplified a single product were actually amplifying two different DNA molecules of equal length. This was revealed upon digestion with restriction enzymes because the digested DNA fragments rarely added to the size of the undigested product. An example of this banding variation is clearly shown in primer pair ESTS-175 (Fig. 1) , in which both primers amplified to a single band of equal length in G. barbadense and G. hirsutum. However, upon digestion with the restriction enzyme TspI, only about half of the PCR products were digested into two fragments, indicating that only half of the amplified products contained this restriction site.
A comparison between the observed and expected amplicon size for the primer pairs that amplified a single DNA fragment revealed some interesting discrepancies in amplicon length. Only 53% (16/30) of the primers pairs produced products that were similar to expected size. The remaining 14 primer pairs produced amplicon size that were either more than 150 bp larger or smaller than the expected size from the EST sequence in GenBank (Table 2) . Four (25%) of the 16 primer pairs amplified to expected amplicon length and 3 (43%) of the 7 primer pairs amplified to a larger than expected size, producing polymorphism between G. barbadense and G. hirsutum when digested with restriction enzymes. No polymorphism was detected between G. barbadense and G. hirsutum in the primer pairs that had a smaller than expected amplicon size. Although the amplicon length for some with smaller than expected PCR products was quite short, the extreme case of fewer than 100 base pairs for primer pair ESTS-128, these products were not likely to be PCR artifacts like primer dimers. The amplified products showed different restriction patterns when digested with different restriction enzymes, albeit the banding patterns were the same for G. barbadense and G. hirsutum.
Sequence similarity between PCR products and corresponding EST sequences
The PCR products of 27 primer pairs generated with genomic DNA template from G. arboreum and G. raimondii were sequenced. High-quality sequences (Q20 or above) were recovered for 18 primer pairs from at least one direction, including 2, 10, and 4 primer pairs that generated products in tetraploid cottons that were of smaller, similar, and larger fragments, respectively, to the expected size. The remaining two primer pairs produced products that were either multi-fragments or only amplified in the diploid. The DNA sequences for at least one diploid species showed 92%-100% identity to the corresponding EST sequences for all but two primer pairs, demonstrating that the vast majority of the primer pairs were targeting the expected homologous gene sequences (Table 3) . DNA sequence for G. arboreum was not available for ESTS-117; however, G. raimondii showed 94.5% identity to the corresponding EST sequences. The sequences from the two primer pairs that produced a smaller than expected amplicon size shared no homology to the EST, but interestingly, the G. arboreum and G. raimondii sequences were above 97% identity to one another, suggesting that amplification was locus-specific, even though it was apparently not specific to the locus targeted.
As expected, the four primer pairs (ESTS-132, -141, -144, and -152) that generated products in tetraploid cottons with larger than expected amplicon from the EST sequence contained introns (Table 4) , revealed as gaps from sequence alignments between the PCR product and it's corresponding EST sequence from the database (Fig. 2) . Two additional amplicons were also found to contain introns. The amplicon for ESTS-118, which amplified only the diploids, was found to contain four introns totaling 521 nt in length. Also, the amplicon for ESTS-167, which was differ from the EST sequence by fewer than 150 nt and thus, considered to be of similar to expected size, was found to harbor a short intron of only 77 nt in length. The number, size, and locations of introns were consistent between G. arboreum and G. raimondii in all primer pairs.
The number of nucleotide variation between G. arboreum and G. raimondii found in introns and exons varies widely among sequences generated by different primer pairs. However, more nucleotide variation was observed in the introns for four out of six primer pairs. Further, if averaged across the six amplicons, the rate of variation per nucleotide of 0.0334 (19/2151) in introns was 3.7-fold greater than observed in exons (0.0088 or 65/1948) for the two diploid species (Table 4) .
Chromosomal locations of known function genes
Of the 39 primer pairs that amplified in G. barbadense and G. hirsutum, 3 showed amplicon length polymorphism and 10 showed cleaved amplified length polymorphisms (CAPs) when digested with 4-base-recognition restriction enzymes. These polymorphic markers were tested for linkage using the interspecific G. barbadense and G. hirsutum mapping population of Reinisch et al. (1994) , the population in which the most comprehensive available RFLP map was constructed, currently comprised of over 2500 loci . Ten primer pairs were linked to anchor RFLP loci, including three mapping to chromosome 14 (ESTS-152, -154 and -175), two each mapping to chromosomes 12 (ESTS-105 and -146) and 16 , and one each mapping to chromosomes 5 (ESTS-178) and 7 (ESTS-196) and linkage group D03 (ESTS-177) (Fig. 3) . Only two of the mapped loci could be unambiguously scored as codominant markers. A few of the loci appeared to be segregating in a codominant manner. However, the banding patterns were very complex because DNA fragments from the duplicated homoeologous loci often comigrated with the segregating fragments, preventing them from reliably being scored as codominant markers. This complex banding pattern may also have prevented the accurate scoring of segregating DNA fragments for three polymorphic primer pairs, resulting in their failure to detect linkage to other markers in the linkage map.
Discussion
Our interest in the G. arboreum ESTs and the basis for selecting them stem from the fact that they represent the larg- Note: Size difference: =, equal size; <, expected longer than observed; >, expected smaller than observed. Enzymes that produced polymorphism were presented, with mapped enzymes indicated in bold. np, no polymorphism. Table 2 . PCR amplification conditions, amplicon size, and enzymes used to reveal polymorphism. est collection of cotton ESTs and are rich in genes expressed during fiber development. However, the utility of these sequences for developing PCR markers for use in the tetraploid cottons has not been tested.
The diploid G. arboreum is separated by a ploidy barrier from the allotetraploid G. barbadense and G. hirsutum; however, they shared a common A genome (or A subgenome in the tetraploids) that has gone through recent divergence since polyploidization at about 1-2 million years ago . Recent data based on surveying 48 single-copy nuclear genes indicated that the average sequence divergence between the A genome of G. arboreum and its corresponding A subgenome in the tetraploid were only 0.68% (Senchina et al. 2003) . The mean divergence for the A genome of G. arboreum versus the D subgenome of the tetraploid was not available. However, we suspect that the rate would be at least similar, if not higher than the 2.2% observed from the comparison between A genome of G. arboreum and D genome progenitor, G. raimondii (Senchina et al. 2003) . Thus, the Gossypium species used in this study shared a low level of sequence divergence; however, the extent of this sequence divergence in affecting PCR amplification is not known. Our PCR amplification results indicated that sufficient nucleotide divergence may have occurred, hindering at least some primer pairs from amplifying in the tetraploids. For example, 18 of the 50 primer pairs that did not amplify in the tetraploids in this study amplified well when genomic DNA from G. arboreum was used as template (Table 1) . This result is consistent with studies from many organisms, which showed that mutation rates vary widely among genes. In cotton, Senchina et al. (2003) reported that the rate of silent substitution among the 48 genes studied varies ninefold. Therefore, it is not unlikely that mutation may have occurred in the primer annealing sites for these genes since the divergence of G. arboreum from the A-subgenome of the tetraploids, although improper PCR optimization can not be ruled out. It is interesting to note that the primer pair ESTS-118, which failed to amplify in the tetraploids, produced an amplicon in G. arboreum that contained multiple introns with a cumulative length of 521 nt (Table 4 ). This result suggests that the presence of introns (discussed below) may also cause some sequences to have difficulty in amplification. Improper PCR optimization and (or) poor EST sequence quality are suspected to be the cause of the non-amplifying primer pairs in G. arboreum.
For primer pairs that amplified a single PCR product, about 47% (14/30) produced a different DNA fragment size than expected based on the EST sequences. Seven primer pairs amplified a larger DNA fragment than predicted from ESTs, suggesting that these genes contain introns. If the amplicon of these STSs contained introns, then we would expect to see a higher rate of restriction site polymorphism because intron regions are less conserved (Schneider et al. 
(667) na
Note: The total number of aligned sequence, in parentheses, may be different from the total amplicon length owing to poor sequence quality or the presence of introns.
*Because G. arboreum sequence was not available, % similarity was determined between EST and the corresponding G. raimondii sequence. nh, no homology; na, sequence not available. Table 3 . Sequence similarity between PCR products of G. arboreum versus the corresponding EST sequence and the PCR products of G. raimondii.
1999; Iwata et al. 2001) . DNA sequencing of PCR products for 4 of the primer pairs has confirmed these conjectures (Table 4 ; Fig. 3 ). An ESTS primer pair could produce an amplicon with as many as 4 introns, with individual intron size ranging from 77 to 611 nt in length. Further, introns harbor a higher nucleotide substitution rate than exons. In the diploids G. arboreum and G. raimondii, this rate amounts to 3.7-fold higher among the 6 genes surveyed. In the case of G. barbadense and G. hirsutum, amplicons containing introns were almost twice as likely to detect restriction fragment polymorphism than those with no introns. Therefore, future efforts to develop STS markers based on anonymous or known-function genes should target gene regions with introns to increase the probability of detecting polymorphism (Iwata et al. 2001) . Recent data suggested that intron positions and size could be conserved among plants and animals in orthologous genes, especially those that share a high degree of amino acid homology (Fedorov et al. 2002) . Thus, it would be desirable to also compare EST sequences with genomic DNA sequences from the same or other species when selecting EST sequences for PCR primer development. This strategy may well be feasible as the number of well-characterized genes and the complete genome sequence of plant species (i.e., Arabidopsis and rice) continue to increase in the GenBank databases.
An unexpected finding was that seven STSs amplified products smaller than expected. This included four primer pairs that were less than 50% of the expected length (Table 2). These amplicons were initially suspected to contain pseudogenes or paralogs of the targeted gene sequences (Senchina et al. 2003) , but sequence data suggests that this was not the case. Two primer pairs where DNA sequence was available showed no sequence homology between the PCR products and the corresponding EST sequences used for primer design. These PCR products were not likely to be primer dimers because the DNA sequence from G. arboreum and G. raimondii did not contain primer sequences; rather, the sequences from the two diploids shared a high sequence identity of over 97% (Table 3) . Nevertheless, the origin of these sequences most likely came from non-homologous loci, similar to those non-target sequences amplified in wheat and barley when STS primer pairs were transferred across species (Roder et al. 1995; Erpelding et al. 1996) . These results highlight the risk of assuming that all amplified products from EST-based primers are from fragments of functional genes. At the very least, it is prudent to compare the amplicon size with it's expected DNA sequence length for all newly developed primer pairs, especially when the primer sequence was designed from across species. Verification of sequence homology by DNA sequencing is needed for any amplicon that is smaller than the expected size.
The STS markers developed in this study detected a lower level of polymorphism between G. barbadense and G. hirsutum than observed in RAPD (Zhang et al. 2002) , SSR , or RFLP through Southern blotting techniques (Reinisch et al. 1994) . This low polymorphism rate was not unexpected, as gene sequences are inherently more conserved than the non-genic and often repetitive nature of DNA sequences analyzed by RAPD and SSR marker systems. In the case of RFLPs, a single six-cutter enzyme scans a total of 24 nucleotides, 12 flanking each of the two homeologous loci at the termini of DNA fragments averaging about 4 kb. For cotton, a total of 6 restriction enzymes, scanning about 144 nucleotides, yield about 45% success at detecting one or more RFLPs (Reinisch et al. 1994 ). By contrast, the CAPs method using 6 four-cutter restriction enzymes scans about 24 nucleotides, most within a coding sequence. This accounted for the much lower polymorphism rate of only 33% (13/39), compared with the RFLP rate for the same two genotypes (Reinisch et al. 1994) . Thus, the polymorphism rate in cotton is a potential constraint for use of the CAPs strategy, which worked well in other more polymorphic species such as onion (Chen et al. 2001 ) and sugi (Iwata et al. 2001) . Further, the number of polymorphic loci that detect no linkage to other loci on a highly saturated genetic map also raised concern about the usefulness of the CAP strategy in mapping PCR-based EST markers in cotton. EST-derived simple sequence repeats (SSRs) could offer another means of mapping cotton ESTs using PCR amplification. Alternatively, perhaps single-stranded conformational polymorphism (SSCP) (McCallum et al. 2001; Schneider et al. 2002) or other mutation-scanning techniques may be a more practical means for mapping sequence-specific PCR markers. Clearly, a single-nucleotide polymorphism-based assay is preferred. SSCP does not have the same problem that DHPLC does, as the products are not denatured and subsequently renatured.
The low polymorphism rate was partly compensated by the higher return in genetic information these EST markers provided, in that the function of these genes was identified. Because the current cotton map was constructed mostly from probes derived from genomic DNA and cDNA libraries (Reinisch et al. 1994) , and more recently supplemented by anonymous ESTs from a unigene set , the distribution and organization of known-function genes is presently unknown. In this study, 10 genes were mapped with high confidence (LOD > 4) into 5 linkage groups with known chromosome affinity based on cytological classification and one gene was mapped to a linkage group with known subgenome affinity based on correspondence in RFLP patterns to the diploid progenitor of the tetraploids (Reinisch et al. 1994 ). Five of the 10 genes were involved in enzyme pathways. The other five genes were transcription factors, photoreceptors, transporters, cell structure protein, and other functions. Moreover, several of the genes were also mapped to chromosome regions in which quantitative trait loci (QTL) for fiber quality and disease resistance have been identified. For example, ESTS-154 was mapped to chromosome 14, flanked by RFLP markers A1222 and A1727 (Fig. 3) . This region was known to be associated with a QTL for seed cotton yield (Saranga et al. 2001) , fiber uniformity, and strength (Paterson et al. 2002) . Similarly, ESTS-175 also mapped to chromosome 14 and was located near a major QTL that confers resistance to the bacterial blight pathogen, Xanthomonas campestris pv. malvacearum (Smith) Dye (Xcm) (Wright et al. 1998 ). This Xcm resistance B 12 locus explained 94% of the phenotypic variation and located near the RFLP marker pAR043, about 22 cM from ESTS-175. Thus, the ESTS primer pairs developed in this study are not only amplifying functional gene sequences, they also can serve as a PCR based diagnostic markers to replace the linked RFLP loci for marker-assisted transfer of QTLs in cotton breeding.
Although the goal of this study was to document the feasibility of developing known-function gene markers through ESTs from public databases and no specific priority was given to any gene category, this strategy could just as easily be adapted to target genes for a specific metabolic or biosynthesis pathway (Schneider et al. 2002) , or for those that are implicated to be involved in phenotypic variation (Giroux et al. 2000; Beecher et al. 2002) . The addition of known-function gene markers could greatly enhance the utility of a genetic map, as it facilitates the transition from genetic linkage analysis to a candidate gene mapping approach to dissect complex traits. However, in species such as cotton, where a large number of mapped loci are from anonymous cDNA or EST clones, the immediate step should be to determine which genes have already been positioned on the map. Rong et al. (2003) described the sequencing of most genetically mapped DNA probes in cotton, including sequence comparisons and putative functional assignments. PCR-based markers targeting known-function genes may be a valuable means by which to locate genes that are not yet represented on the genetic map.
